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(54) FUEL MODIFYING CATALYST 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hydrocarbon 
type fuel modifying catalyst capable of realizing the 
modification of fuel even at a relatively low temperature 
with high fuel conversion efficiency and high selectivity 
and capable of sharply reducing the size of a modifying 
catalyst system. 

SOLUTION: This fuel modifying catalyst for a fuel cell 
includes a monolithic support having through-holes 
formed to the wall part thereof, an adherend adhering to 
the insides of the through-holes to contract the 
diameter of the through-holes and a modifying catalytic 
component. Fuel gas can pass through the through- 
holes of the wall part of the support. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim IJIt is a fuel reforming catalyst for fuel cells which can penetrate said wall of fuel gas 
by circulating said breakthrough including a monolith type base material which has a 
breakthrough which penetrates a wall, an affix which adheres to an inside of said 
breakthrough and forms fine pores in said breakthrough, and a reforming catalyst 
ingredient. 

[Claim 2]The fuel reforming catalyst according to claim 1, wherein D-(dV/dD) plot (D is an 
aperture of fine pores formed when said affix adhered, and V is the capacity of these fine 
pores) in a breakthrough after said affix adheres has two or more peak tops. 
[Claim 3]The fuel reforming catalyst according to claim 2, wherein said peak top exists in 
the range of 0.5 nm - 0.2 micrometer. 

[Claim 4]A fuel reforming catalyst given in any 1 paragraph of claims 1-3 characterized by 
coming to carry out the weather strip of the end of a vent of said monolith type base 
material by turns. 

[Claim S]A fuel reforming catalyst given in any 1 paragraph of claims 1-4, wherein said affix 
is a metallic oxide. 

[Claim 6]A fuel reforming catalyst given in any 1 paragraph of claims 1-5, wherein said 
monolith type base material consists of textiles of one or more sorts of inorganic 
compounds chosen from a group which consists of silica, alumina, boria, zirconia, and 
magnesia. 

[Claim 7]Said monolith type base material Cordierite (2MgOand2aluminum202and5Si02), 

Mullite (3aluminum202and2Si02), A fuel reforming catalyst given in any 1 paragraph of 

claims 1-5 consisting of one or more sorts of inorganic compounds chosen from a group 
which consists of silicon carbide (SIC) and SUPODEYUMEN (Li^O- 

aluminum203and4Si02). 

[Claim 8]A fuel reforming catalyst given in any 1 paragraph of claims 1-7, wherein said 
monolith type base material consists of an inorganic compound whose average linear 
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expansion coefficient of 20-1000 ** is below 6.0x1 0"V*. 

[Claim 9]A fuel refornr»ing catalyst given in any 1 paragraph of claims 1-8 for which a 
breakthrough which said Moiinos type base material has is characterized by an average 
pore size being 2-40 micrometers. 

[Claim 10]The fuel reforming catalyst according to claim 9 to which a breakthrough which 
said Moiinos type base material has is characterized by an average pore size being 2-20 
micrometers. 

[Claim 11]The fuel reforming catalyst according to claim 10 to which a breakthrough which 
said Moiinos type base material has is characterized by an average pore size being 2-10 
micrometers. 

[Claim 12]A fuel reforming catalyst given in any 1 paragraph of claims 1-1 1 characterized 
by coming to arrange said reforming catalyst ingredient inside a breakthrough which said 
Moiinos type base material has. 

[Claim 13]Afuel reforming catalyst given in any 1 paragraph of claims 1-11 characterized 
by coming to arrange said reforming catalyst ingredient inside a breakthrough which the 
vent surface of said monolith type base material and said Moiinos type base material have. 
[Claim 14]The fuel reforming catalyst according to claim 12 or 13 characterized by coming 
to form a reforming catalyst ingredient which it comes to arrange inside said breakthrough 
by making said affix containing a reforming catalyst ingredient adhere. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the fuel reforming catalyst for generating hydeogen-rich gas 
from the fuel for fuel cells, in more detail, even if this invention is low temperature, it has 
high reforming efficiency, and it relates to a fuel reforming catalyst with few yields of the by- 
product accompanying fuel refining. 
[0002] 

[Description of the Prior Art]Although the great expectation to a fuel cell as a next- 
generation energy source for cars is hung, the method of supplying hydrogen which is the 
fuel has been big SUBJECT. 

[0003]The method of supplying ** hydrogen to the method of supplying hydrogen as it is, a 
method of using the hydrogen from which the town gas whose ** methane is the main 
ingredients, and propane were obtained by carrying out refining and decomposition of the 
LPG which is the main ingredients, ** Various kinds of methods, such as a method of using 
the hydrogen produced by carrying out refining and decomposition of the liquid fuel, such 
as methanol, ether, gasoline, and kerosene, are proposed. 

[0004] However, in order to apply the method of the above-mentioned **, the issue which 
special storage equipment of a high pressure cylinder etc. is needed, and should be 
conquered [ infrastructure / safety, handling, ] is large. Also when applying the method of 
the above-mentioned **, it is dealt with and there are problems, such as an infrastructure. 
When in applying the method of the above-mentioned ** it is on board, methanol is 
reformed and it obtains hydrogen, there is a problem of many, such as an infrastructure and 
toxicity with a low energy density, and a price. However, when using the hydrocarbon 
fraction of the gasoline currently used conventionally or gasoline resemblance as a motor 
spirit, an energy density is also comparatively high and there is also no problem of an 
infrastructure. Therefore, considering it as hydrogen sources, and it being on board and 
reforming the hydrocarbon -fraction of the gasoline generally conventionally used as fuel or 
gasoline resemblance can say that it is the most convenient from viewpoints of an energy 
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density, loading nature, an infrastructure, safety, etc. in a present stage. 
[0005]One embodiment of refining of the conventional hydrocarbon system fuel is illustrated 
below. First, using a nickel series catalyst, fuel is reformed at an elevated temperature (700 
** - about 800 **), and hydrogen containing gas is obtained. Since CO which carried out the 
byproduction contains about 10% in reformed gas, it changes into succeedingly by CO 

water gas shift reaction (CO conversion reaction) of a following formula (1). 

[0006] 

[Formula 1] 

CO + HaO^COg + H^ (1) 

[0007]This CO conversion reaction is a typical thermodynamic control reaction. 
It is as required as an elevated temperature to advance a reaction efficiently at low 
temperature as much as possible from a bajance approaching the left, 
however, the actual condition - low temperature - high - since there is no activity catalyst, 
CO concentration is lowered as much as possible using the high temperature form catalyst, 
it ranks second and CO concentration is lowered to about 1 % with a low temperature form 
catalyst. Remains CO is removed to 40 ppm or less than it using a CO selective oxidation 
catalyst, and is sent to a fuel cell stack. 

[0008]Therefore, the conventional reforming catalyst system needs the catalyst of four 
stages of a fuel reforming catalyst + high temperature form CO conversion catalyst + low 
temperature form CO conversion catalyst + CO selective oxidation catalyst. On the 
occasion of application on vehicles, a miniaturization and a weight saving are important and 
reducing the capacity of this 4 stage **** reforming catalyst system is called for. 
[0009] 

[Problem(s) to be Solved by the lnvention]ln the catalyst of the four above-mentioned 
stage, CO conversion catalyst occupies capacity most. Therefore, if the CO concentration 
contained in the hydeogen-rich gas discharged from the fuel reforming catalyst of the 
upstream can be reduced, large down SAIZUINGU of a reforming catalyst system will 
become possible. Consideration of reduction of various heat-resistant measure expenses 
and improvement in energy efficiency carries out desire of the development of the 
reforming catalyst which advances a reforming reaction at low temperature more. 
[0010]ln view of the above-mentioned matter, even if this invention is low temperature 
comparatively, it can realize fuel refining in a high fuel inversion rate and selectivity, and an 
object of this invention is to provide the hydrocarbon system fuel reforming catalyst which 
makes possible large down SAIZUINGU of a reforming catalyst system. 
[0011] 

[Means for Solving the Problem]By making a fuel reforming catalyst a wall flow type at 
which fuel gas circulates a wall, when this invention person inquires wholeheartedly that an 
aforementioned problem should be solved, making an affix adhere to a breakthrough which 
it comes to form in a wall, and forming detailed fine pores. It found out that a fuel inversion 
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rate and selectivity of a fuel reforming catalyst could be raised, and this invention was 
completed. Specifically, an aforementioned problem is solved by invention which has the 
following composition. 

[0012]The invention according to claim 1 by circulating said breakthrough including a 
monolith type base material which has a breakthrough which penetrates a wall, an affix 
which adheres to an inside of said breakthrough and forms fine pores in said breakthrough, 
and a reforming catalyst ingredient, It is a fuel reforming catalyst for fuel cells which can 
penetrate said wall of fuel gas. 

[0013]D-(dV/dD) plot in a breakthrough after said affix adheres in the invention according to 
claim 2 (D is an aperture of fine pores formed when said affix adhered, and) V is the fuel 
reforming catalyst according to claim 1 having some two or more peak tops to capacity of 
these fine pores. 

[0014]The invention according to claim 3 is the fuel reforming catalyst according to claim 2, 
wherein said peak top exists in the range of 0.5 nm - 0.2 micrometer. 
[0015]The invention according to claim 4 is a fuel reforming catalyst given in any 1 
paragraph of claims 1-3 characterized by coming to carry out the weather strip of the end of 
a vent of said monolith type base material by turns. 

[0016]The invention according to claim 5 is a fuel reforming catalyst given in any 1 
paragraph of claims 1-4, wherein said affix is a metallic oxide. 
[0017]The invention according to claim 6 is a fuel reforming catalyst given in any 1 
paragraph of claims 1-5, wherein said monolith type base material consists of textiles of 
one or more sorts of inorganic compounds chosen from a group which consists of silica, 
alumina, boria, zirconia, and magnesia. 

[0018]The invention according to claim 7 said monolith type base material, Cordierite 
(2MgOand2aluminum20^and5Si02), Mullite (3aluminum20^and2Si02), It is a fuel 

reforming catalyst given in any 1 paragraph of claims 1-5 consisting of one or more sorts of 
inorganic compounds chosen from a group which consists pf silicon carbide (SiC) and 
SUPODEYUMEN (Li20-aluminum203and4Si02). 

[0019]The invention according to claim 8 is a fuel reforming catalyst given in any 1 
paragraph of claims 1-7, wherein said monolith type base material consists of an inorganic 

compound whose average linear expansion coefficient of 20-1000 ** is below 6.0x10" /**. 
[0020]A breakthrough in which said Molinos type base material has the invention according 
to claim 9 is a fuel reforming catalyst given in any 1 paragraph of claims 1-8, wherein an 
average pore size is 2-40 micrometers. 

[0021 ]A breakthrough in which said Molinos type base material has the invention according 
to claim 10 is the fuel reforming catalyst according to claim 9, wherein an average pore size 
is 2-20 micrometers. 

[0022]A breakthrough in which said Molinos type base material has the invention according 
to claim 1 1 is the fuel reforming catalyst according to claim 10, wherein an average pore 
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size is 2-10 micrometers. 

[0023]The invention according to claim 12 is a fuel reforming catalyst given in any 1 
paragraph of claims 1-11 characterized by coming to arrange said reforming catalyst 
ingredient inside a breakthrough which said Molinos type base material has. 
[0024]The invention according to claim 13 is a fuel reforming catalyst given in any 1 
paragraph of claims 1-11 characterized by coming to arrange said reforming catalyst 
ingredient Inside a breakthrough which the vent surface of said monolith type base material 
and said Molinos type base material have. 

[0025] It is the fuel reforming catalyst according to claim 12 or 13 characterized by coming 
to form a reforming catalyst ingredient which comes to arrange the invention according to 
claim 14 inside said breakthrough by making said affix containing a reforming catalyst 
ingredient adhere. 
[0026] 

[Effect of the lnvention]According to this invention constituted as mentioned above, the 
following effects are done so for every claim. 

[0027]The fuel reforming catalyst for fuel cells according to claim 1 consists of a monolith 
type base material which has a breakthrough which penetrates a wall, and the affix 
adhering to the breakthrough surface comes to form fine pores in a breakthrough. When it 
has such composition, even if it is a low temperature compared with the conventional 
method, the conversion to hydrogen of fuel gas can fully be advanced by operation of the 
fine pores which have a very detailed aperture. Moreover, the generated amount of by- 
products, such as CO, can be stopped low. And as a result of reducing the CO 
concentration contained in the hydeogen-rich gas in which refining was carried out by the 
fuel reforming catalyst, CO conversion catalyst for reducing the CO concentration contained 
in this hydeogen-rich gas can be simplified, and large down SAIZUINGU of the reforming 
catalyst whole system becomes possible. When it applies to a fuel cell electric vehicle, the 
weight saving of the body, the miniaturization of a power plant, etc. are attained. Since a 
reforming reaction can be advanced at low temperature as compared with the conventional 
method, the necessity of taking various heat-resistant measures against a reactor etc. can 
be excluded. Therefore, effects, such as simplification of a system, improvement in 
reliability, and reduction of facility cost, are acquired by using the catalyst system which 
uses the fuel reforming catalyst of this invention. Since there are few amounts of energy 
which the temperature up of reaction temperature takes and they can be managed with low 
temperature as other effects that a reforming reaction can be advanced, it is mentioned that 
energy efficiency increases. 

[0028]By making the affix which makes two or more peak tops produce in D-(dV/dD) plot 
about the fine pores formed of said affix adhere, if it is in the invention according to claim 2, 
The fuel inversion rate and selectivity of fuel gas by a fuel reforming catalyst can be raised 
effectively. Although the mechanism from which such an effect is acquired is unknown at a 
present stage, it is having a certain amount of [ the size of the fine pores inside the 
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breakthrough which acts as what is called a micro reactor ] distribution, and it is thought 
that it is because nnolecular diffusion is promoted. 

[0029]lf it is in the invention according to claim 3, the peak top in said D-(dV/dD) plot can 
make a high fuel inversion rate and selectivity reveal by making an affix which exists in the 
range of 0.5 nm - 0.2 micrometer adhere. Since a reaction advances by relatively high 
temperature, when circulating fuel gas inside the breakthrough which has such fine pores, a 
prominent effect reveals the fuel reforming reaction using the fuel reforming catalyst of this 
invention. 

[0030]lf it is in the invention according to claim 4, by carrying out the weather strip of the 
vent of a monolith type base material by turns, the gas touch area of a reforming catalyst 
ingredient can be raised, and improvement in a fuel inversion rate can be aimed at, without 
raising pressure loss. 

[0031]lf it is in the invention according to claim 5, a fuel reforming catalyst with high fuel 
inversion rate and selectivity can be acquired by making a metallic oxide fix to the inside of 
the breakthrough which penetrates the wall of a monolith type base material, and forming 
detailed fine pores. 

[0032]lf it is in the invention according to claim 6, when a monolith type base material is 
formed from the textiles of one or more sorts of inorganic compounds chosen from the 
group which consists of silica, alumina, boria, zirconia, and magnesia, the wall which fuel 
gas penetrates using the space between textiles can be produced suitably. Since the size 
of a breakthrough is controllable by the thickness of textiles, and adjustment of density 
simple, manufacture of a monolith type base material is also easy. 

[0033]lf it is in the invention according to claim 7, a monolith type base material Cordierite 
(2l\/lgOand2aluminum20^and5Si02), By forming from mullite (3aluminum20^and2Si02), 

silicon carbide (SiC), and one or more sorts of inorganic compounds chosen from 
SUPODEYUMEN (Li20-aluminum202and4Si02), A fuel reforming catalyst with high fuel 

inversion rate and selectivity can be acquired. 

[0034]lf it is in the invention according to claim 8, when the average linear expansion 
coefficient of 20-1000 ** forms a monolith type base material from the inorganic compound 

which is below 6.0x10' /**, it can be considered as the fuel reforming catalyst excellent in 
the thermal shock. When it has such outstanding thermal shock nature, the crack by the 
heat stress under reforming reaction can be prevented, and a high fuel inversion rate can 
be maintained over a long period of time. That is, it can be considered as the fuel reforming 
catalyst excellent in endurance. 

[0035]Also in [ when the average pore size of the breakthrough which penetrates the wall 
according to claim 9 formed in the wall of a monolith type base material like is 2-40 
micrometers ] the bottom of a high LHSV (LiquidHourly Space Velocity) condition. The blow 
by of fuel gas is controlled and a high fuel inversion rate can be secured. 
[0036]When the average pore size of the breakthrough which penetrates the wall according 
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to claim 10 formed in the wall of a monolith type base material like is 2-20 micrometers, the 
contacting efficiency of a reforming catalyst ingredient and fuel gas can be raised further. 
For this reason, after maintaining the outstanding fuel inversion rate and selectivity, the fall 
of refining temperature can be aimed at. 

[0037]When the average pore size of the breakthrough which penetrates the wall according 
to claim 11 formed in the wall of a monolith type base material like is 2-10 micrometers, the 
contacting efficiency of a reforming catalyst ingredient and fuel gas can be raised further. 
For this reason, after maintaining the outstanding fuel inversion rate and selectivity, the 
further fall of refining temperature can be aimed at. 

[0038]lf it is in the invention according to claim 12, the fuel inversion rate and selectivity of a 
fuel reforming catalyst can be raised by making a reforming catalyst ingredient support 
inside the. breakthrough which it comes to form in the wall of a monolith type base material. 
[0039]lf it is in the invention according to claim 13, the fuel inversion rate and selectivity of a 
fuel reforming catalyst can be further raised by forming a reforming catalyst ingredient in 
the wall of a monolith type base material, and the vent surface of a monolith type base 
material. 

[0040]Since the affix made to adhere to a breakthrough is made to contain a reforming 
catalyst ingredient beforehand and it makes it come to adhere to the inside of a 
breakthrough if it is in the invention according to claim 14, a process can be simplified as 
compared with the case where distributed support of the reforming catalyst ingredient is 
carried out inside a breakthrough afterwards. The distribution control of the reforming 
catalyst ingredient inside a breakthrough is easy. 
[0041] 

[Embodiment of the lnvention]This invention is a fuel reforming catalyst for fuel cells which 
can penetrate said wall of fuel gas by circulating said breakthrough including the monolith 
type base material which has a breakthrough which penetrates a wall, the affix which 
adheres to the inside of said breakthrough and forms fine pores in said breakthrough, and a 
reforming catalyst ingredient. First, it explains, referring to drawings for the flow and 
reforming reaction of gas in the fuel reforming catalyst of this invention. 
[0042] Drawing 1 is a mimetic diagram showing the section structure of the wall of the 
monolith type base material used for this invention. The monolith type base material which 
constitutes the fuel reforming catalyst of this invention has the breakthrough 2 which 
penetrates the wall 1. The breakthrough 2 may be in the state which became entangled 
intricately, as shown in drawing 1 , and each breakthrough may come to penetrate a wall 
independently. The affixes 3, such as a metallic oxide, adhere to breakthrough 2 inside, 
and, thereby, the aperture of the breakthrough 2 is reduced to it. However, by circulating 
the breakthrough 2 to which the aperture was reduced as shown in drawing 1 , not the thing 
that makes the breakthrough 2 blockade by the affix 3 but fuel gas can penetrate the wall 1, 
and can circulate, while minute fine pores exist in this affix 3 (not shown) and fuel gas 
circulates the breakthrough 2 — this — it reacts inside minute fine pores. Various gestalten, 
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such as a gestalt which the part in particular where a reforming catalyst ingredient (not 
shown) is supported is not limited, it is included by the affix 3 so that it may mention later, 
and is supported by breakthrough 2 inside, and a gestalt by which spreading formation is 
carried out on the surface of the wall 1, are mentioned. 

[0043]When a monolith type base material is made into such a "wall flow" type, the fuel 
inversion rate from fuel gas to hydrogen can be raised, and, moreover, the generated 
amount of by-products, such as CO, can be reduced (improvement in selectivity). Although 
the mechanism which becomes high has a fuel inversion rate and unknown selectivity, 
while fuel gas circulates a reduction breakthrough, it is thought that it is for the minute fine 
pores which exist in the affix 3 to act effectively as what is called a micro reactor. 
[0044]The affix used is not limited, especially if it separates easily and does not fall by the 
flow of fuel gas, but it can illustrate a metallic oxide. As an example of a metallic oxide, 
alumina, silica, magnesia, zirconia, a titania, silica alumina, zeolite, etc. are mentioned. The 
size in particular of a metallic oxide is not limited and what is necessary is just to determine 
it in consideration of the ease of adhering, reactivity, endurance, etc. However, in making it 
adhere to the inside of the breakthrough currently formed in the wall of a monolith type 
base material, it is needed that it is smaller than the aperture of this breakthrough. 
Generally, the powdered metallic oxide which has the particle diameter of about 0.1-1.5 
micrometers is suitable. Although specific surface area in particular is not limited, either, it 

2 

is good to use the thing about 60-350 m /g. 

[0045]lt is preferred that D-(dV/dD) plot [horizontal-axis:D, vertical-axis: (dV/dO)] when 
capacity of D and these fine pores is set to V for the aperture of the fine pores formed of the 
affix 3 about adhesion of the affix 3 to the breakthrough 2 has two or more peak tops. 
Thereby, the fuel inversion rate and selectivity of fuel gas by a fuel reforming catalyst can 
be raised effectively. Although the mechanism from which such an effect is acquired is 
unknown at a present stage, it is having a certain amount of [ the size of the minute fine 
pores which act as what is called a micro reactor ] distribution, and it is thought that it is 
because the molecular diffusion inside the inside of fine pores and a breakthrough is 
promoted. The "peak top" as used in this invention means the top of a substantial peak 
excluding the peak based on the error on statistics. Therefore, the peak produced by the 
noise is not counted as a peak. 

[0046]When it exists in the range of 0.5 nm - 0.2 micrometer, since a high fuel inversion 
rate and selectivity are revealed, the peak top in said D-(dV/dD) plot is preferred. A 
prominent effect is acquired when circulating to the narrow channel of such an aperture, 
since a reaction advances the fuel reforming reaction using the fuel reforming catalyst of 
this invention by relatively high temperature. In order to heighten effectively the molecular 
diffusion effect produced by what it has two or more peak tops for (that is, it has a certain 
amount of [ the size of fine pores ] distribution). It is preferred to have at least one peak top 
to a 0.5-1 0-nm meso field in at least one peak top and a 0.05-0.2-micrometer macro area. 
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The aperture of minute fine pores can be measured by general means by wiiich 

adsorption was used, such as a volumetric method and a method of mercury penetration. 
When searching for pore distribution, it is common to use a BJH type, DR type, etc. (edited 
by Catalysis Society of Japan, the catalyst lecture 3, the characterization of a solid catalyst, 
Kodansha, p210-213). 

[0047]A monolith type base material will not be limited, especially if fuel gas penetrates a 
wall and can circulate. The size in particular of a monolith type base material is not limited, 
either, and what is necessary is just to determine according to the refining capability which 
the device with which a fuel reforming catalyst is applied needs. As a manufacturing 
method of a monolith type base material, the method of forming from the textiles of an 
inorganic compound and the method of using the inorganic compound which has porous 
structure are mentioned. 

[0048]As for the vent of a monolith type base material, it is preferred that the weather strip 
of the end is carried out by turns. It explains referring to drawing 2 and drawing 3 for this 
operation. Drawing 2 is a general-view sectional view showing one embodiment (wall flow 
type) of the fuel reforming catalyst concerning this invention. Drawing 3 is an appearance 
sectional view showing one embodiment (flow through type) of the conventional fuel 
reforming catalyst. An arrow shows the flow of fuel gas among a figure. First, the fuel gas 
by which refining is carried out is supplied to the end of the vent of a monolith type base 
material from the exterior. In the conventional fuel reforming catalyst shown in drawing 3 , 
fuel gas circulates a vent and is discharged from the other end of a vent. A fuel reforming 
reaction advances by operation of the reforming catalyst ingredient arranged on the wall 
surface (vent surface) of a monolith type base material. However, since there are few 
contact surface products of fuel gas and a fuel reforming catalyst, a fuel inversion rate is 
not so high. Since the rate discharged by running will increase without contacting a 
reforming catalyst ingredient if a fuel gas flow becomes large when the reforming catalyst 
ingredient of a flow through type is used, reaction efficiency cannot but fall to some extent. 
The supplied fuel gas can flow into the vent which adjoins through the breakthrough which 
it comes to form in the wall of a monolith type base material in this point and the fuel 
reforming catalyst concerning this invention shown in drawing 2 . At this time, by carrying 
out the weather strip of the end of the vent which adjoins as shown in drawing 2 by turns, 
promotion of circulation of the fuel gas to the adjoining vent which passed through the 
breakthrough formed in the wall of a monolith type base material can be aimed at, and the 
contact surface product of fuel gas and a fuel reforming catalyst ingredient increases. As a 
result, a fuel inversion rate and selectivity can be raised. In this invention, usual [ from a 
fuel gas feed hopper / in / in a "vent" / a monolith type base material / to a fuel gas outlet 
(weather-strip part of a feed hopper or an exit when the weather strip is carried out) ] says 
the hole of the size about a millimeter order. On the other hand, a "breakthrough" means 
the hole of the micrometer order which it comes to form in the wall of a monolith type base 
material. 
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[0049]The weather strip of a monolith type base material can prepare the slurry containing 
weather-strip materials, such as ceramics, and can perform carrying out the weather strip of 
this by applying to the part for which it asks and calcinating continuously to it. 
[0050]Silica, alumina, boria, zirconia, magnesia, etc. are mentioned as an example of the 
inorganic compound used when forming a monolith type base material from the textiles of 
an inorganic compound. It may use combining these. What is necessary is to bundle and 
press these inorganic compound textiles, to process it into a sheet shaped paper first, and 
just to use techniques, such as considering it as honeycomb shape using this, in order to 
fabricate to a monolith type base material. 

[0051]As an example of an inorganic compound of having porous structure, Cordierite 
(2MgOand2aluminum20^and5Si02), mullite (3aluminum20^and2Si02), silicon carbide 

(SiC), SUPODEYUMEN (Li20-aluminum202and4Si02), etc. are mentioned. It may use 

combining these. From such materials, it can fabricate to a monolith type base material 
using known art. 

[0052]Since such materials have good thermal shock resistance, they are suitable as a 
base material of the reforming catalyst exposed to an elevated temperature. Also materials 
other than the above, the average linear expansion coefficient of 20-1000 ** can apply the 

following [ 6.0x10' /** ] suitably. In order to improve the endurance of a fuel reforming 
catalyst, it is also effective to form the layer (inorganic porous body layer) which becomes 
an inside of the breakthrough of the inorganic compound which constitutes a monolith type 
base material from inorganic porous bodies, such as zeolite. When such an inorganic 
porous body layer is formed, destruction of the inorganic compound which constitutes the 
monolith type base material by the thermal expansion of a monolith type base material can 
be controlled, and the refining performance outstanding over the long period of time can be 
maintained. As zeolite, MFI type zeolite, mordenite, beta zeolite. Zeolite, such as FAU 
(faujasite) type zeolite, FER (ferrierite) type zeolite, ERI (erionite) type zeolite, LTL (L type) 
type zeolite, and CHA (CHABA site) mold zeolite, is mentioned. 

[0053]As for the average pore size of the breakthrough which penetrates the wall of the 
monolith type base material to be used, it is preferred that it is 2-40 micrometers. When an 
average pore size is less than 2 micrometers, there is a possibility that the pressure loss in 

the high SV conditions more than SV=100,000h"^ may become large, for example. On the 
contrary, in exceeding 40 micrometers, there is a possibility that the detailed fine pores 
formed in the inside of a breakthrough can fully be utilized, and a fuel inversion rate and 
selectivity may fall as a result. As for the average pore size of the breakthrough which a 
monolith type base material has from a viewpoint of aiming at further improvement in a fuel 
inversion rate and selectivity, by improvement in the contact surface product of a reforming 
catalyst ingredient and fuel gas, it is more preferred that it is 2-20 micrometers, and it is still 
more preferred that it is 2-10 micrometers. The average pore size of the breakthrough 
which a monolith type base material has can be measured, for example with the mercury 

http://ww4.ipdLinpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=^^ 12/17/2009 



JP,2003-210986,A [DETAILED DESCRIPTION] 



Page 10 of 16 



porosimeter. 

[0054]The reforming catalyst ingredient in particular used for the fuel reforming catalyst of 
this invention is not limited. A publicly known catalyst may be used now, and even if it is a 
case where the catalyst developed newly is used, when it has the composition of this 
invention, of course, it belongs to the technical scope of this invention. If it illustrates about 
a publicly known catalyst now, rhodium (Rh), a ruthenium (Ru), platinum (Pt), nickel 
(nickel), etc. will be mentioned. Although the holding amount of a reforming catalyst 
ingredient is followed to a use, the base material to be used, etc. and cannot be specified 
uniquely that what is necessary is Just to make a **** decision, it is common in about 0.2- 
20g/l. 

[0055]The part where a reforming catalyst is arranged will not be limited, especially if fuel 
gas is contacted and effective refining can be performed. For example, the catalyst bed 
containing a reforming catalyst ingredient can be formed in the vent surface of a monolith 
type base material. It may arrange inside a breakthrough. As shown in drawing 2 , a catalyst 
bed may be formed in the vent surface, and a reforming catalyst ingredient may be 
arranged also inside the breakthrough of a wall. In order to carry out the maximum practical 
use of the effective refining by the breakthrough provided in the wall of the monolith type 
base material, it is preferred to arrange a reforming catalyst ingredient inside the 
breakthrough of a wall. However, it may be only the composition in which the catalyst bed 
was formed for example, on the vent surface instead of what eliminates the gestalt which 
does not arrange a reforming catalyst ingredient inside the breakthrough of a wall. If it 
compares with the honeycomb catalyst of a flow through type (refer to drawing 3) in this 
case even if it is, since fuel gas penetrates the formed inside of a catalyst bed and it 
circulates, improvement in a fuel inversion rate can be aimed at. When forming a catalyst 
bed in the vent surface, it is preferred to form a hole so that fuel gas can penetrate a 
catalyst bed. It is preferred to make it the aperture of the hole which specifically makes 
comparatively coarse the particles of the fuel reforming catalyst which forms a catalyst bed, 
and is formed, and the aperture of the breakthrough which a monolith type base material 
has become comparable. By doing in this way, the ratio of consumed water of the reforming 
catalyst ingredient which contributes to a reaction can be raised. 

[0056]As for the affix 3 of breakthrough 2 inside, it is preferred to form by preparing the 
compound which contained the reforming catalyst ingredient beforehand, and making it 
adhere. Thus, when making the affix 3 adhere after making a reforming catalyst ingredient 
contain beforehand, it is advantageous in process. Namely, what is necessary is just to 
make the compound which contained the reforming catalyst ingredient beforehand adhere, 
and to consider it as the affix 3, when wishing to arrange a reforming catalyst ingredient 
inside a breakthrough. On the other hand, complication of a process is invited, when 
carrying out distributed support after forming the affix 3. When adopting the method which 
makes the reforming catalyst ingredient contain beforehand moreover, it also has the 
advantage that the distribution control of the reforming catalyst ingredient inside a 
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breakthrough is easy. 

[0057]The fuel gas in particular, as for, refining is carried out by the fuel reforming catalyst 
of this invention is not limited, and the gas containing hydrocarbon system fuel is mentioned 
as a classic example. As for hydrocarbon system fuel, gasoline, kerosene, gas oil, natural 
gas (LNG), naphtha, a fuel oil, asphalt, etc. are mentioned. These may combine and use. 
Fuel gas may contain ingredients other than hydrocarbon system fuel, such as air and a 
steam, if needed. 

[0058]Then, the manufacturing method of the fuel reforming catalyst of this invention is 
explained. However, the following methods are not limited to the method of being only one 
embodiment and illustrating. For example, what is necessary is just to determine suitably 
the support method of the reforming catalyst ingredient to be used, the drying method of the 
slurry which consists of an applied reforming catalyst ingredient, etc. according to the 
conventional method according to size, a kind, etc. of fuel reforming catalyst to 
manufacture. 

[0059]First, a monolith type base material is prepared. Since the monolith type base 
material to be used can use what explained [ above-mentioned ], it omits explanation here. 
[0060]ln making an affix adhere to the inside of the breakthrough which a monolith type 
base material has, the slurry which consists of affixes is prepared first. The preparation of a 
slurry can adopt the method of usually using in creation of a catalyst. The quantity of an 
affix and the quantity of a medium which are contained in a slurry should just include 
optimum dose in consideration of the workability in the case of being impregnated or slurry 
spraying. When making regularity slurry volume sprayed on a monolith type base material, 
the amount of arrangement of the affix in a monolith type base material can be adjusted by 
adjustment of the amount of affixes in a slurry. 

[0061]What is necessary is to spray a slurry on a monolith type base material, and just to 
repeat the operation which carries out vacuum suction, in order to make an affix permeate 
the inside of the breakthrough currently formed in the wall of a monolith type base material. 
Repeat frequency is determined in consideration of the affix concentration contained in a 
slurry, and the coating weight of an affix. For example, 1 I. of "slurries can be sprayed and 
methods, such as 10 cycle ******** ^ can be used for -> vacuum-drying" to support a 10-g 
affix using the slurry whose affix concentration is 1g/l. The spraying can adopt a centrifugal 
method, a two fluid nozzle method, a high pressure nozzle method, etc., for example. 
[0062]Then, hot air drying is carried out and the solvent of a slurry is volatilized. What is 
necessary is just to determine the temperature of hot air drying in consideration of the 
boiling point of the solvent of a slurry to volatilize. When water is used as a solvent, it is 
common to use an about 100-200 ** hot wind. The air heated by steam, an electric heater, 
etc. can be used for a dried heat source. 

[0063]An affix is made to fix to the inside of a breakthrough after desiccation by [ which 
calcinate a monolith type base material ] carrying out. Calcination may be performed in the 
air and it may carry out under gas atmospheres which does not contain oxygen 
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substantially, such as nitrogen and argon. As for a firing condition, it is connmon to carry out 
at 400-500 ** for about 1 to 4 hours. 

[0064]ln order for an affix to arrange a reforming catalyst ingredient to the monolith type 
base material to which it adhered inside the breakthrough, it is good to impregnate with a 
monolith type base material the solution in which a reforming catalyst ingredient is 
contained, and to give desiccation and a baking process. The air heated by steam, an 
electric heater, etc. can be used for a dried heat source. The temperature of a general hot 
wind is 100-200 **. It is common to perform calcination at 400-500 ** for about 1 to 4 hours. 

[0065]Before preparing a slurry, you make it support a reforming catalyst ingredient 
beforehand, in using the metallic oxide etc. which supported reforming catalyst ingredients, 
such as rhodium, as an affix made to adhere to the inside of a breakthrough although the 
fuel reforming catalyst concerning this invention can be acquired by such a process. By 
passing through such a process, the catalyst support process after making an affix adhere 
can be skipped. In order to use a metallic oxide as an affix for making it support a reforming 
catalyst ingredient beforehand and to raise support efficiency, it is good to use the thing of 
powdered voice. 

[0066]When forming in the vent surface of a monolith type base material the catalyst bed 

which consists of a reforming catalyst ingredient, the technique of spraying the slurry 

prepared with the described method, the technique of applying a slurry, etc. are mentioned. 

After these processes, it is good to perform the same drying process and baking process as 
**** 

■ 

[0067] 

[Example]Hereafter, the fuel reforming catalyst of this invention is explained still in detail 
using an example and a comparative example. However, this invention is not limited to 
these examples. 

[0068]To activated alumina (gamma alumina) of <Example 1> mean-particle-diameter [ of 

1 .5 micrometers ], and specific surface area [ of 220 m ] /g, 1 mass % addition of water 
and nitric acid acidity alumina sol was done, and it slurred using the ball pot mill. 
[0069]On the other hand, the breakthrough (30 micrometers of average pore sizes) which 
penetrates a wall prepared the monolith type base material (35 mm of 40 ml:phi) of the 
honeycomb shape made from cordierite for a lab scale examination currently formed over 
the whole. This monolith type base material has a vent of about 200 cells per square inch, 
and the vent used that by which the weather strip is carried out by turns. The wall thickness 
of the monolith type base material was 0.4 mm. 

[0070]After spraying the above-mentioned slurry on the monolith type base material by 
which the weather strip was carried out by turns [ this ], the slurry was made to permeate 
the inside of a breakthrough by repeating the process which carries out vacuum suction 
several times. Subsequently, the alumina particle was fixed to the inside of a breakthrough 
by making it dry by a 120 ** hot wind, and making it calcinate at 400 ** further. The holding 
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amount of alumina in a monolith type base material was about 100 g/L. 
[0071]Rhodium (Rh) concentration impregnated with the nitric acid rhodium solution of 2.2 
mass %, made it dry by a 120 ** hot wind for 0.5 hour, and calcinated further the monolith 
type base material with which this alumina particle was fixed at 500 ** for 2 hours. As a 
result, the fuel reforming catalyst which carries out about 0.3 mass % support of the 
rhodium was acquired. When the relation of the aperture of fine pores and capacity which 
were eventually formed in the inside of the breakthrough which a monolith type base 
material has of the affix was investigated by creating D-(dV/dD) plot, the peak top was 
shown in 5.5 nm in an aperture, and 0.15 micrometer. 

[0072]The following methods estimated the performance of this fuel reforming catalyst 
using the fixed-bed circulation type reaction apparatus for catalyst evaluation. Model 
hydrocarbon fuel of gasoline was made into isooctane (CgH^g), and performed the 

reforming reaction on 450 ** conditions using the fuel gas of a presentation of isooctane 
=3.5 volume %, air =55 volume %, and steam =41.5 volume %. it analyzes by a gas 
chromatograph and catalyst outlet gas is a following formula (2). : [0073] 
[Equation 1] 

xuisxm^ "^^^ 

[0074]The inversion rate of ** isooctane was calculated. Fuel gas supply was considered as 
a part for 40-l./with the normal condition reduced property. Gas space velocity was taken as 

60,000h'\ Measurement of hydrogen concentration was measured by dry cleaning and 

free conditioning. The fuel inversion rate was 89%, hydrogen concentration was 53.4 
volume % and CO concentration was 4.7 volume %. A result is combined with the 
specification of a fuel reforming catalyst, and is shown in Table 1. 

[0075]The fuel reforming catalyst was produced like Example 1 except the average pore 
size of the breakthrough which penetrates a wall having used what is 40 micrometers as a 
monolith type base material made from cordierite by which the weather strip was carried 
out alternately with <Example 2>. The holding amount of alumina in a monolith type base 
material was about 110 g/L. When the relation of the aperture of fine pores and capacity 
which were eventually formed in the inside of the breakthrough which a monolith type base 
material has of the affix was investigated by creating D-(dV/dD) plot, in 5.5 nm in an 
aperture, and 0.15 micrometer, it had a peak top. 

[0076]When the performance of the fuel reforming catalyst was evaluated like Example 1, 
the fuel inversion rate was 85%, hydrogen concentration was 51% and CO concentration 
was 4.5 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1. 

[0077]The fuel reforming catalyst was produced like Example 1 except the mean particle 
diameter of 1.2 micrometers, and silica/alumina ratio having mass [ about 35 ] % Added the 
MFI zeolite of about 32 to <Example 3> activated alumina, and having prepared the slurry 
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further, to it. The holding amount of alumina in a monolith type base material was about 100 
g/L. When the relation of the aperture of fine pores and capacity which were eventually 
formed in the inside of the breakthrough which a monolith type base material has of the 
affix was investigated by creating D-(dV/dD) plot, in 0.55 nm in an aperture, 5.0 nm, and 
0.1 1 micrometer, it had a peak top. 

[0078]When the performance of the fuel reforming catalyst was evaluated like Example 1, 
the fuel inversion rate was 94%, hydrogen concentration was 56.5% and CO concentration 
was 4.7 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1 . 

[0079]Rhodium obtained the rhodium / alumina catalyst powder of which about 2 mass % 
support was done by impregnating the nithc acid rhodium solution of 4.2 mass % with 
rhodium concentration, making it dry by a 120 ** hot wind beforehand for 0.5 hour, and 
making <Example 4> activated alumina calcinate at 500 ** further for 2 hours. 1 mass % 
addition of water and nitric acid acidity alumina sol was done, and this rhodium / alumina 
catalyst powder were slurred using the ball pot mill. The fuel reforming catalyst was 
produced by permeating a monolith type base material and carrying out distributed support 
of this slurry in the same procedure as Example 1. The holding amount of alumina in a 
monolith type base material was about 90 g/L. When the relation of the aperture of fine 
pores and capacity which were eventually formed in the inside of the breakthrough which a 
monolith type base material has of the affix was investigated by creating D-(dV/dD) plot, in 
7.5 nm in an aperture, and 0.18 micrometer, it had a peak top. 

[0080]When the performance of the fuel reforming catalyst was evaluated like Example 1. 
the fuel inversion rate was 86%, hydrogen concentration was 52% and CO concentration 
was 4.9 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1. 

[0081]Except having used alpha alumina (mean particle diameter of 7.5 micrometers) as 
<Example 5> activated alumina, rhodium obtained the rhodium / alumina catalyst powder of 
which about 1 .8 mass % support was done based on the method of Example 4. To this 
rhodium / alumina catalyst powder, 1 mass % addition of water and nitric acid acidity 
alumina sol was done, and it slurred using the ball pot mill. This slurry was sprayed on the 
fuel reforming catalyst acquired in Example 1, and the catalyst bed whose holding amount 
of alumina is about 160 g/L was formed in the vent surface of a monolith type base material 
(refer to drawing 2 ). Then, it dried and calcinated and the fuel reforming catalyst was 
completed. Therefore, the total quantity of the amount of alumina arranged inside a 
breakthrough and the amount of alumina supported by the monolith type base material 
outer wall is about 260 g/L. When the relation of the aperture of fine pores and capacity 
which were eventually formed in the inside of the breakthrough which a monolith type base 
material has of the affix was investigated by creating D-(dV/dD) plot, in 5.5 nm in an 
aperture, and 0.15 micrometer, it had a peak top. 

[0082]When the performance of the fuel reforming catalyst was evaluated like Example 1 , 
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the fuel inversion rate was 97%, hydrogen concentration was 52% and CO concentration 
was 5.1 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1 . 

[0083]The fuel reforming catalyst was produced like Example 1 except having used the 
monolith type base material of the honeycomb shape made from silicon carbide whose 
average pore size of the breakthrough which penetrates a wall is about 10 micrometers 
using activated alumina whose mean particle diameter is 0.6 micrometer as <Example 6> 
activated alumina. The holding amount of alumina in a monolith type base material was 
about 90 g/L. When the relation of the aperture of fine pores and capacity which were 
eventually formed in the inside of the breakthrough which a monolith type base material has 
was investigated by creating D-(dV/dD) plot, in 4.5 nm in an aperture, and 0.11 micrometer, 
it had a peak top. 

[0084]When the performance of the fuel reforming catalyst was evaluated like Example 1, 
the fuel inversion rate was 92%, hydrogen concentration was 55% and CO concentration 
was 5.5 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1. 

[0085]The fuel reforming catalyst was produced like Example 6 except the average pore 
size of the breakthrough which penetrates <Example 7> wall having used the monolith type 
base material of the honeycomb shape made from silicon carbide which is 4 micrometers. 
The holding amount of alumina in a monolith type base material was about 50 g/L. When 
the relation of the aperture of fine pores and capacity which were eventually formed in the 
inside of the breakthrough which a monolith type base material has of the affix was 
investigated by creating D-(dV/dD) plot, in 4.5 nm in an aperture, and 0.11 micrometer, it 
had a peak top. 

[0086]When the performance of the fuel reforming catalyst was evaluated like Example 1 , 
the fuel inversion rate was 78%, hydrogen concentration was 46% and CO concentration 
was 4.2 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1. 

[0087]The fuel reforming catalyst was produced like Example 1 except having used the 
monolith type base material (refer to drawing 3 ) of the usual flow through type which has a 
vent of about 200 cells per square inch instead of the monolith type base material of the 
honeycomb shape by which the weather strip was carried out alternately with <the 
comparative example 1>. The holding amount of alumina in a monolith type base material 
was about 200 g/L. 

[0088]When the performance of the fuel reforming catalyst was evaluated like Example 1 , 
the fuel inversion rate was 60%, hydrogen concentration was 36% and CO concentration 
was 5.6 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1. 

[0089]To the monolith type base material of the honeycomb shape by which the weather 
strip was carried out alternately with <the comparative example 2>, the fuel reforming 
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catalyst was produced based on the method of Example 1 by carrying out impregnating 
support of the solution of the direct nitric acid Rh. 

[0090]When the performance of the fuel reforming catalyst was evaluated like Example 1 , 
the fuel inversion rate was 25%, hydrogen concentration was 15% and CO concentration 
was 3.4 volume %. A result is combined with the specification of a fuel reforming catalyst, 
and is shown in Table 1 . 



[Table 1] 
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[0092]Each catalyst of the example was excellent in the fuel inversion rate compared with 
the performance of a fuel reforming catalyst in which it does not adhere to the affix of the 
flow through type fuel reforming catalyst of the comparative example 1 , and the 
comparative example 2 as shown in Table 1. The result whose CO concentration in the gas 
after a reaction is equivalent at an example and a comparative example was obtained. 
Therefore, if it converts into the selectivity of hydrogen and CO, it can be said that the fuel 
reforming catalyst concerning this invention is excellent in the selectivity about generation 
of hydrogen gas. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 
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[Translation done.] 
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[0 0 0 7] Z-COCO^f^Rmi. ^^^^smti^^^ 

e)tc, fligCO^. COiM^Kfbfi4^i^fflt^T4 0 p p 
tcjM^o 10 

[0 0 0 8] u-dx. u^(Dinnmmiy7.fhii. mm 

[0 00 9] 

[f|B^*'«P^tct:3i;-r§^^] ±MA7.T~'J<Dmm. 

[0 0 10] ±fig*«fC^*^. *f|B^{i, ttfiifi^fgiST 

m^ft^o 30 
[00 1 1] 

imm^mm.t ^tzib(o^m i.mmm^ 

[0 0 12] !S*^. l{C|Biic£DfgS3(i, i|g|5^Sii-r§ 40 

Sii^L^^-r-Sty U7.§y3tiff!^i:. tulBMaJL^giStc 

\mLXmmwm.^^m'ii^ye^Lxri^\m%t. 
mim'ik'm.uxh^. 
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[0 0 14] %%^-^^\zwm.(omm. md.\i—^vy 

yii. 0. 5nm~0. 2 nm<DWimc^^t^iit^ 

[0 0 15] mMiicmmcommt. tfsB'eyvT.m 
^im(Dmmi(Dmm'^^mcsmib-&nxrj:?>z.ii^ 

[0 0 16] m^m^ictmomBii. ma^MUt. 
^mmimx'$)^ c t^<i^miit^mii^m i ~ 4 <ov^-r 
nt)-^ 1 micnimomn^nMrnxh^o 

[0 0 17] $nt^m6ic$im<o^mit. wim'eyvT.m 

[0 0 18] li*^7tCl2iiOfiB^l±, BuiB^/';x§y 

3S:^f*:l4, n-S^x^-l' h (2MgO-2Al2 03-5 
S i 00 , h (3 A 1 2 • 2 S i Oz) . Kit: 

(S i C) *5j;t/7>:K-ri;><> (L i^O • A I2O 
. • 4 S i 02) A^?>^^gfcfcO^Ji?^n^ 1 iffiiX±OM 

[0 0 19] m^i^ms icmmommi. mm^t/VT^m 

^imii. 2 0 ~ 1 0 0 0 °C(DW-m$.B^^ti'^ 6 . OX 

1 0' /'myxh^nmit^^ij'i^rji^nt^w^t 
[0 0 2 0] tmm9icmm<D^mii. tjie^uyxsy 
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itm^muxt^o 

[0 0 3 6] m^TMi otcEtgOcfcatc. uxgyj^ 
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7^t<DmMn^^\'^-D^dMib^^tti^X^^o ccDfc 
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[0 0 3 7] 1 1 triB^o J: ^ tc. >j xm^ 
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^'^^iSi.^^^^^Mmcmib^tziblcl.i. 0. 5-1 
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OV^TP5^•ri.i:^ Pi/'i'A (Rh) . fVv--l7h (R 
u) . (P t) , ::i>y'5r;i/ (n i) fj.Ett'^mfhn 
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<fcv\ ^r/ U 7.iy3^»WciiXt<vriJS7.^ U-M^- 
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*^i:r^o '>iV^T\ 1 2 0°CcDf^®T'^J^$-^, ^^IC 4 

[0 0 7 1] C(D7J]/B.i-m^i3^^^ttlti^/^J7.m 
^m^^. uiy^L (Rh) jijg;6^2. 2M«%W^^ 

D-:^-i7A7j<?t?gli:§?i$-ti:, i 2 0 "CtO^fflT 0 . 5B# 

Pam^^-a:. -i^lC. 5 0 0°Cl?2B#ramfiKLfcc 

IS*, av^«i7i.^:iiit)o. 3nm%mi^Lrrj:^mm^n 

^^:J;■pTP4Lfc^:^:5^ 7L@5. 5nmfeJ:c;o. l 

[0 0 7 2] ^(omniknmm(D^m^. mmmmmo 
= 5 5wm%. 7m%= 4 1 . 5m%<r>m0.(Dmmio 

7>^fflt.^T. 4 5 0°C(D^{^T'55iMSrS^t7o/c„ ftiii 
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[0 0 7 3] 
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i:Si«i:cOBfl^^D- (dV/dD) y'u h ^i^f^t 
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5. 0nm;}o<fcD'0. 1 1 mtCfeV^T If-^ h 7°^ 

[0 0 7 8] ^Mij 1 tmmic Lxi^mkmmm(DiSLm 
[0 0 7 9] <^mm4>mii7)is.i-^. ^it. oi^ 

U 1 2 0 °C(Of^JilT' 0 . 5BfP^^j^$-<i-. ;?e>{C, 5 
0 0 °CT- 2 ^fSmt^-^-^ i. C J; 0 . D i/* -^7 A A^'^^^ 2 

nm%mmnrcui/'t7i.y7fis.i-mmmM^mtz, 
c(ox3i;^L/7)i^i-mmm^.^. 7Ktmm.m^7)i 

7. 5 u -it Ltzo nmm i mm<D^mx\ c ^ u 

57;l'5-fOji^M«. 11)9 0 g/LT'fe-:?fc:<, ^/'J 

50 xm^tmti'^^t^mmjif>^mcitmv!iiicj:-:}xmm 
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[0 0 7 5] <^MiJ2>5^SiCg!Si6$^fca-v^x 

i-^ty vTsM^^mt Lx. m^^mmt^mm 
ji(D^i^Kmu 0 /zm(Dto^ffli/^/cw^ti. ^mm 

1 i:lD)i|{i:LTM*^e^Ml4l®^^■^iaL/co ^yjxiy^ 

D- (dV/dD) -fti'yh^^^t^CtiC^-DXm 
^btctC^. im5. 5nm*3,fca'0. IS/imfC^o 

[0 0 7 6] 1 ^|5l1i{C bTfef5if4*Kffl!i«(Dtt^g 

^mmbtztii^. mm^itmit8 5%xh.o. 7mm 

[0 0 7 7] <^/5lf?iJ3>gtt7;l/5t{i:. ^^ic^J^ 

ifi^^Sl. 2 /xm. i/U;^7/7;^5:^J:b*^,^3 2(7)MF 
1 h^S;>J3 5«l;%iP;lTX7'J-%ii^Lfc 
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5. ?Lg7. 5 nm*3j;l>'0. 1 8 /im{c*3l,^T tT-^ 

[0 0 8 0] mmi 1 tmmic Lxm^nmuomi 

^mmitztc^. mmmtrnt 8 e % d . ymm. 

[00 8 1] <mmm5>i&ii7)l^i-tLX aJJl^ 

D V/" >^ z^/ 7 5 1 /c 0 (D D "j? A / 7 

COT.'? u-^^ss^ij 1 xm^nkm^^nrnm^^^ 

^mt)^m 1 6 0 g / L (omkm^i^^ Ltz mzp 
Bs) . ^(D'ik. m.m'm^Lxmm^nmm^^i&t^ 

^L^li:Si»il^or5l^&^D- (dV/dO) yp-yh^i'F 
fi!c;-ri>^ t{c<i;-3TPfiLfci:C?>. ?L^15. 5 n m*5 
J;0'O. 1 5 //m{C*5V>Ttf-^ h'yy%#LTV^/c:„ 
[0 0 8 2] 1 fclBHifC LTMI4SlM^i«<DttHg 

^mmbfc i: c 5. J^l^felt^li 9 7 %T'fe 0 . 7j<^iS 

mii 5 2 %^ c o't&ma 5 . 1 f*i«%T'$)ofc„ 
mm^nf&i^oitmtm-txmuc^sto ■ 
[0 0 8 3] <mmme>m-\i7;\^5,i-tLxw-mii^ 

mjLoiimtmmtcom^^D- (dv/do) ya-;/ 

h^ir!S.t^CtlC^-^xm^LrztZ.6.jm4. 5 
nm*3<tt/0. 1 1 /imtCtsv^Tl^-^ h-yy^^LT 
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[00 8 4] mmm 1 1 ^mic Lxmnmnrnmo^m 
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[008 5] <^SSt?!) 7 >llg|5^Sii-r §«iifLc»¥i^ 

^(DK^tmmtom^^G- (dv/do) ya-vh 

m*3j;D'0. 1 1 /imtC*3V>Tlf— ^ h-yy^WLTV^ 

[0 0 8 6] mmm 1 i:|wi«tcbTi^*^?5(Mtti{«<0tttg 

^mmLtctc^. immmm 8%x'hK). 7mm 

mm^mmm(oi±mm-{i:xm 1 ^c5^^■r» 
[0 0 8 7] <itnmi>^mcsmib-^rirz7\-tiL. 

?^2 0 0-tr;l/£OiiM?L%W-r5a^£D7a-x;l/-^(D 

1 tmmicLxim^nmm=^imLrco */U7>iy^ 
}f{*tL*5it^7;b^-f oii^at±. 1^2 0 0 g/ixh 

[0 0 8 8] %mm 1 tnm.\c \.x'sm^nfm<D'&m 
^mmLfzt^-b. immtmtQo%xhK>. ^mm. 
gti 3 6 %. CO mmt 5 . 6 wm%xh^ tzo 

30 [0 0 8 9] <l:bfMiJ2>3^S{c@tSi6^n/'i:M:^;^A 

mmiknmm^imLtzo 

[0 0 9 0] 1 tmuic Lxmnimmm(Dm^ 
^mmLtztc^. muuitmitz 5%xho. 7mm 
mm 5%, commits. Ai^m%x-h-:>rzo 

mn^n.mps^<Di±mm-^xm. 1 fcg^i-o 

[0 0 9 1 ] 
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